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LHC: Where are we now?
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Where might new physics hide:
Boosted hadronic objects

arXiv:1610.08059
Buckley, Feld, Macaluso, Monteux, Shih
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Boosted Object Topologies
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Identifying a BSM boosted object

arXiv:1609.07483,
Ian Moult, Lina Necib, Jesse Thaler 
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Identifying a BSM boosted object

CMS-PAS-EXO-17-001
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Boosted Object Topologies



Boosted Object Searches
8

Resonant Diboson Searches
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Model 1/3:
Left-Right Symmetry
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Model 1/3:
Left-Right Symmetry
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Model 2/3:
Warped Extra Dimension
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Model 2/3:
Warped Extra Dimension

arXiv:1608.00526, Kaustubh Agashe, Peizhi Du, Sungwoo Hong, Raman Sundrum 
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Model 2/3:
Warped Extra Dimension – signatures

arXiv:1612.00047
K. Agashe, JHC, P. Du, S. Hong,
D. Kim, R.K. Mishra

arXiv:1707.?????
K. Agashe, JHC, P. Du, S. Hong,
D. Kim, R.K. Mishra
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Model 3/3:
Hidden Forces and Dark Matter Self-Annihilation

arXiv:1511.07433, Yuhsin Tsai, Lian-Tao Wang, and Yue Zhao
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Model 3/3:
Hidden Forces and Dark Matter Self-Annihilation
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Summary of Diboson-ish Signatures
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Triboson WWW Signature in Diboson Searches:
1) ATLAS VV fully hadronic recast

arXiv:1506.06739, J. A. Aguilar–Saavedra
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Triboson WWW Signature in Diboson Searches:
1) ATLAS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:
1) ATLAS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast

Radion mass = 2 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast

Radion mass = 1.8 TeV (W’ mass = 2.1 TeV)



Boosted Object Searches
29

Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast

Radion mass = 1.65 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast

Radion mass = 1.5 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast

Radion mass = 1.2 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast

Radion mass = 1.1 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast

Radion mass = 1 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast
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Searching for WWW (heavy radion)

Slide taken from Rashimish Mishra’s Pheno talk
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Searching for WWW (heavy radion)

Slide taken from Rashimish Mishra’s Pheno talk
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW

Now run on the two subjets!
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Searching for W(WW) (light radion):
Boosted WW

Now run on the two subjets!
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Searching for W(WW) (light radion):
Boosted WW

Mass = 500 GeV
PT ~ 1500 GeV
Recoiling from MET

Before grooming
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Searching for W(WW) (light radion):
Boosted WW

Mass = 500 GeV
PT ~ 1500 GeV
Recoiling from MET

After grooming
and tagging
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Searching for W(WW) (light radion):
Boosted WW

Algorithm (very closely based on arXiv:1204.0525, M. Son, C. Spethmann, B. Tweedie)

1) Find ALL hard splittings in clustering history
2) Take the three splittings with the largest mass, leaving six daughters.
3) Among these, two are parents of selected splittings. Choose remaining four daughters.
4) Make pairwise combinations of quark-candidates to find the pair of W-candidates with 
smallest mass difference. 
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW



Boosted Object Searches
49

Final Topic:
VS  resonances (with S → bb)

Expected limit (sensitivity)
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Final Topic:
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Final Topic:
VS  resonances (with S → bb)

CMS recast ATLAS recast
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Final Topic:
VS  resonances (with S → bb)

CMS recast
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Final Topic:
VS  resonances (with S → bb)
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Conclusion

● Main point: Boosted objects are a curse, a place that new physics 
can hide if we do not look hard enough

...but they are also a blessing, a possible window into new physics.
● Secondary point: Diboson searches are non-trivial in the context of 

generic new physics. It is possible for signatures to show up 
differently in different searches, in seemingly contradictory ways.

● Future direction: Can we make a reasonably generic ‘anti-QCD’ 
tagger for general BSM boosted topologies?

bb, WW, HH, ZZ, tb, bb, bbV, btV, general multiprong hidden sector 
decay chains?



Boosted Object Searches
55

Searching for W(WW) (light radion):
Boosted WW

Signal

Background

Tagged jet mass / GeV

Tagged jet mass / GeV
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Searching for W(WW) (light radion):
Boosted WW
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:
2) ATLAS VV lnuqq recast
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Triboson WWW Signature in Diboson Searches:
2) ATLAS VV lnuqq recast


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59

